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(54) [Title of the Invention] 

Thin film transistor and liquid crystal display device using the same 
(57) [Abstract] 

[Purpose] The invention relates to a thin film transistor which is switchable in 
operating polarity and a liquid crystal drive circuit using it, and the object is to provide a 
thin film transistor with little limitation in use and wide application, and a liquid crystal 
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drive circuit using it. 

[Constitution] A main gate electrode 21 is formed almost in the central part of a 
polysilicon layer 20, with an insulating layer 22 interposed therebetween. Furthermore, 
a sub-gate electrode 23a is formed via insulating layers 22 and 24 between a source 
electrode 16 of the polysilicon layer 20 and the main gate electrode 21, and a sub-gate 
electrode 23b is formed via the insulating layers 22 and 24 between a drain electrode 17 
and the main gate electrode 21. 
[Scope of Claims] 

[Claim 1] A thin film transistor which applies an electric field to a semiconductor 
layer (10) from a main gate electrode (11) and controls an electric current flowing 
between a source electrode (12) provided on one end of the semiconductor layer (10) 
and a drain electrode (13) provided on the other end of the semiconductor layer (10) in 
accordance with the electric field, comprising; 

a first sub-gate electrode (14a) provided between the main gate electrode (11) 
and the source electrode (12), which applies an electric field to the semiconductor layer 

(10) and switches the conductive polarity of the semiconductor layer (10); and 

a second sub-gate electrode (14b) provided between the main gate electrode 

(11) and the drain electrode (13), which applies an electric field to the semiconductor 
layer (10) and switches the conductive polarity of the semiconductor layer (10) so as to 
be the same polarity as the first sub-gate electrode (14a). 

[Claim 2] A liquid crystal display device with liquid crystal (32) sandwiched by a 
transparent electrode and a plurality of pixel electrodes (27-n) corresponding to each of 
a plurality of switching elements (Trn), which switching-controls the switching element 
(Trn) by supplying a pulse signal to the switching element (Trn) from driving means (33, 
34), and changes the condition of the liquid crystal (32) by changing the electric 
potential of the plurality of pixel electrodes (27-n), so that the display control is 
performed for each of the pixel electrodes (27-n), wherein; 

the switching element (Trn) is structured by the thin film transistor described in 
Claim 1; and 

a main gate electrode (21) of the thin film transistor (Trn) and the pixel 
electrodes (27-n) are formed on the same substrate (26), with the same material, and by 
the same process. 

[Claim 3] A liquid crystal display device with liquid crystal sandwiched by a 
transparent electrode (30) and a plurality of pixel electrodes (27-n) corresponding to 
each of a plurality of switching elements (Trn), which switching-controls the switching 
element (Trn) by supplying a pulse signal to the switching element (Trn) from driving 
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means (33, 34), and changes the condition of the liquid crystal (32) by changing the 
electric potential of the plurality of pixel electrodes (27-n), so that the display control is 
performed, wherein; 

the switching element (Trn) is structured by the thin film transistor described in 
Claim 1; and 

the driving means (33, 34) which sequentially supply a pulse signal whose duty 
ratio is set equal to 50% and whose pulse width is set equal to the scanning time for one 
frame to a main gate electrode (21) of a thin film transistor with the difference of on 
time of each transistor, and sequentially supply the pulse signal which is late by the on 
time of each transistor to a first and a second sub-gate electrodes (23a, 23b) of the thin 
film transistor (Trn) with the difference of on time of each transistor. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] The present invention relates to a thin film 
transistor and a liquid crystal drive circuit using it, especially a thin film transistor 
switchable in operating polarity and a liquid crystal display device using it. Recently, 
a thin film transistor has been attracting attention as a driving element for liquid crystal 
and the like. 

[0002] Some thin film transistors can be used switching the operating polarity. 
[0003] As for this kind of thin film transistors, there is a condition for the drain 
voltage, and the usable range is limited, which makes it difficult to use them for liquid 
crystal and the like. 

[0004] Therefore, a thin film transistor with little limitation in use, which can be used 
for liquid crystal and the like, and which is switchable in operating polarity is needed. 
[0005] 

[Prior Art] Fig. 14 is a cross-sectional view of an example of a conventional thin film 
transistor, Fig. 15 is a schematic block diagram of a conventional example, and Fig. 16 
is an equivalent circuit of a conventional example. In the figure, numeral 1 shows a 
main gate electrode, 2 a sub-gate electrode, 3 a polysilicon layer, 4 a source polysilicon 
layer, 5 a drain polysilicon layer, 6 a source electrode, 7 a drain electrode, and 8 an 
insulating substrate. 

[0006] The main gate electrode 1 is an electrode to control a current flowing between 
a source and a drain. When a voltage is applied to the main gate electrode 1, an 
electric charge to be a carrier is induced to the polysilicon layer 3, by static induction. 
By the electric charge induced to the polysilicon layer 3, a current flows between the 
source and the drain. 
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[0007] The sub-gate electrode 2 is an electrode to switch the operation mode (P 
channel, N channel) of the transistor. By applying a voltage to the sub-gate electrode 2, 
an electric charge is induced to a part of the polysilicon layer 3. When the transistor is 
on, the polarity of the electric charge induced to the polysilicon layer 3 by the main gate 
electrode 1 and the polarity of the electric charge induced by the sub-gate electrode 2 
correspond to each other. In addition, when the transistor is off, the polarity of the 
electric charge induced to the polysilicon layer 3 by the main gate electrode 1 and the 
polarity of the electric charge induced by the sub-gate electrode 2 are opposite to each 
other, then a PN junction is formed, and it is reverse polarity to the polarity of the 
voltage between the source and the drain, so that a leakage current doesn't occur. 
[0008] Fig. 17 shows a diagram to describe the operation of a conventional example. 
Referring to Fig. 17, the basic operation will be described. 

[0009] Here, the source electrode 6 is grounded, the voltage of the main gate electrode 
1 is Vg, the voltage of the sub-gate electrode 2 is Vs, and the voltage of the drain 
electrode 7 is Vd. 

[0010] When the N channel operation is to be performed, the voltage Vs of the 
sub-gate electrode 2 and the voltage Vd of the drain electrode 7 are set to be positive 
voltage. When the voltage Vs of the sub-gate electrode 2 is positive voltage, an n layer 
3a-l is formed in the part of the polysilicon layer 3 under the sub-gate electrode 2, by 
the sub-gate electrode 2. 

[0011] When the voltage Vg of the main gate electrode 1 is negative voltage under 
this condition, a P layer 3b-l is formed in the part of the polysilicon layer 3 under the 
main gate electrode I, as shown in Fig. 17 (A). Therefore, a PN junction is formed in 
the polysilicon layer 3. As for this PN junction, since the sub-gate electrode 2 is 
provided on the side of the drain electrode 7 and the main gate electrode 1 is provided 
on the side of the source electrode 6, the n layer 3a-l is formed on the side of the drain 
electrode 7 and the P layer 3b-l is formed on the side of the source electrode 6 in the 
polysilicon layer 3. 

[0012] In consequence, the junction is opposite direction to the direction from the 
drain electrode 7 to the source electrode 6, and the transistor becomes off state. 
[0013] Next, when the voltage Vg of the main gate electrode 1 is made to be positive 
voltage, an n layer 3b-2 is formed in the part of the polysilicon layer underneath, as 
shown in Fig. 17 (B). 

[0014] Consequently, n layers 3a-l and 3b-2 with the same polarity are formed in the 
polysilicon layer 3 and have conductivity, so that a current flows from the drain 
electrode 7 toward the source electrode 6. 
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[0015] When the P channel operation is to be performed, the voltage Vs of the 
sub-gate electrode 2 and the voltage Vd of the drain electrode 7 are set to be negative 
voltage. 

[0016] When the voltage Vs of the sub-gate electrode 2 is negative voltage, a P layer 
3a-2 is formed in the part of the polysilicon layer 3 under the sub-gate electrode, by the 
sub-gate electrode 2. 

[0017] When the voltage Vg of the main gate electrode 1 is made to be positive 
voltage under this condition, an n layer 3b-3 is formed in the part of the polysilicon 
layer 3 under the main gate electrode 1, as shown in Fig. 17 (C). 

[0018] Consequently, a PN junction for which the direction from the source electrode 
6 to the drain electrode 7 is opposite direction is formed in the polysilicon layer 3, and a 
current from the source electrode 6 to the drain electrode 7 doesn't flow. That is, the 
transistor becomes off state. 

[0019] Next, when the voltage Vg of the main gate electrode 1 is set to be negative 
voltage, a P layer 3b-4 is formed in the part of the polisilicon layer 3 under the main 
gate electrode 1, as shown in Fig. 17 (D). 

[0020] Consequently, P layers 3b-4 and 3a-2 with the same polarity are formed in the 
polysilicon layer 3, and have conductivity, so that a current flows from the source 
electrode 6 toward the drain electrode 7. That is, the transistor becomes on state. 
[0021] 

[Problem to be Solved by the Invention] In this way, with a conventional thin film 
transistor of this kind, it is necessary to care about the polarity of the voltage Vd of the 
drain electrode, to operate the transistor. 

[0022] For example, in the case of performing the n channel operation of the 
conventional thin film transistor as shown in Figs. 17 (A) and (B), the voltage Vd of the 
drain electrode 7 should be made to be positive voltage. Contrary, in the case of 
performing the P channel operation as shown in Figs. 17 (C) and (D), the voltage Vd of 
the drain electrode 7 should be made to be negative voltage. Otherwise, the PN 
junction formed in the polysilicon layer 3 at the time of on becomes forward direction, 
and a current flows even at the time of off. 

[0023] Therefore, in the case where the present transistor is applied to a liquid crystal 
drive circuit and used as a switching element for when a voltage is applied to liquid 
crystal for which alternating operation is performed, the drain electrode 7 becomes 
positive and negative either, and such transistor cannot be applied, which is a problem. 
[0024] The present invention is made in view of the above, and the object is to 
provide a thin film transistor which can be applied widely as a switching element or the 
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like of a device for alternating operation of liquid crystal or the like, and provide a 

liquid crystal drive circuit using it. 

[0025] 

[Means for Solving the Problem] Fig. 1 shows a principle block diagram of the 

present invention. In the figure, numeral 11 shows a main gate electrode. 

[0026] The main gate electrode 11 applies an electric field to a semiconductor thin 

film 10. The semiconductor thin film 10 controls a current flowing between a source 

electrode 12 provided on one end and a drain electrode 13 provided on the other end of 

the semiconductor thin film 10, depending on the electric field applied. 

[0027] A first sub-gate electrode 14a is provided between the main gate electrode 11 

and the source electrode, and applies an electric field to the semiconductor thin film 10 

so that the conductive polarity is switched. 

[0028] A second sub-gate electrode 14b is provided between the main gate electrode 
11 and the drain electrode 13, and applies an electric field to the semiconductor thin 
film 10 so that the conductive polarity is switched to be the same polarity as the first 
sub-gate electrode 14a. 
[0029] 

[Function] Fig. 2 is a principle explanatory diagram of the present invention, and Fig. 
3 is an equivalent circuit diagram of the present invention. 

[0030] Fig. 2 (A) shows the case of the N channel operation and off state, and the 
voltage Vg which is applied to the main gate electrode is set to be negative, and the first 
and the second sub-gate electrodes Vs are set to be positive. At this time, an NPN 
junction is formed in the semiconductor thin film, and an opposite junction of a PN 
diode exists, seeing from either the drain electrode side or the source electrode side, 
therefore, independently of the polarity of the voltage between the drain and the source, 
it becomes off state. Furthermore, Fig. 2 (B) shows the case of the P channel operation, 
off state. When the voltage Vg of the main gate electrode is set to be positive and the 
voltage of the first and the second sub-gate electrodes is set to be negative voltage, a 
PNP junction is formed in the semiconductor thin film, and an opposite junction exists, 
seeing from both the drain electrode side and the source electrode side, therefore, 
independently of the polarity of the voltage between the drain and the source, it 
becomes off state. In the case of making this transistor to be on, with the N channel 
operation of Fig. 2 (A), when the voltage Vg of the main gate electrode is changed from 
negative to positive, any part of the semiconductor thin film becomes an N layer, and it 
becomes on state. With the P channel operation of Fig. 2 (B), when the voltage Vg of 
the main gate electrode is changed from positive to negative, any part of the 
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semiconductor thin film becomes a P layer, and it becomes on state. In this way, the 
operation of P channel and N channel either can be performed, independently of the 
polarity of the voltage between the source and the drain. 

[0031] Fig. 3 is an equivalent circuit diagram of the present invention. A gate 
capacity C4 between a main gate electrode and a semiconductor layer is sandwiched by 
gate capacities C3 and C5 between sub-gate electrodes and the semiconductor layer. 
As this, the gate capacity C4 is not connected to a drain electrode or a source electrode 
directly, and there are channel resistances R therebetween. By this, noise due to 
capacity coupling of the time of pulse change of the main gate electrode can be reduced. 
[0032] 

[Embodiment] Fig. 4 is a block diagram of an embodiment of the present invention. 
In the figure, numeral 15 shows an insulating substrate. The insulating substrate 15 is 
made of an insulator such as glass, and a thin film transistor is formed on the insulating 
substrate 15. 

[0033] Numeral 16 is a source electrode, and it is made by depositing a conductive 
material such as aluminum on the insulating substrate 15. Numeral 17 is a drain 
electrode, and it is made by depositing a conductive material such as aluminum on the 
insulating substrate 15, in the same way as the source electrode 16. 
[0034] Numeral 18 shows a source polysilicon layer. The source polysilicon layer 
18 is made by laminating a phosphorus (P) doped polysilicon layer 18a which forms N 
type semiconductor and a boron (B) doped polysilicon layer 18b which forms P type 
semiconductor, and is connected to the source electrode 16. 

[0035] Numeral 19 shows a drain polysilicon layer. It has the same structure as the 
source polysilicon layer 18, and made by laminating a phosphorus (P) doped polysilicon 
layer 19a which forms N type semiconductor and a boron (B) doped polysilicon layer 
19b which forms P type semiconductor, and is connected to the drain electrode 17. 
[0036] Numeral 20 shows a polysilicon layer. The polysilicon layer 20 corresponds 
to the semiconductor layer 10 shown in Fig. 1, and it is a thin film of intrinsic 
semiconductor formed by growing an amorphous silicon layer formed by LPCVD (low 
pressure CVD) to solid phase crystal. The polysilicon layer 20 is connected to the 
source polysilicon layer 18 and the drain polysilicon layer 19. 

[0037] Numeral 21 shows a main gate electrode. The main gate electrode 21 is made 
of phosphorus (P) doped polysilicon, and it is formed almost in the central part of the 
polysilicon layer 20, via an insulating layer 22 which is formed of silicon oxide (Si02) 
or the like. 

[0038] The symbol 23a shows a sub-gate electrode which corresponds to the first 
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sub-gate electrode 14a in Fig. 1, and 23b shows a sub-gate electrode which corresponds 
to the second sub-gate electrode 14b in Fig. 1. The sub-gate electrodes 23a and 23b 
are made of conductive material such as aluminum. 

[0039] The sub-gate electrode 23a is disposed over the polysilicon layer 20 between 
the source electrode 16 and the main gate electrode 21, via insulating layers 22 and 24 
made of silicon oxide (SiC>2) or the like. Furthermore, the sub-gate electrode 23b is 
disposed over the polysilicon layer 20 between the drain electrode 17 and the main gate 
electrode 21, via the insulating layers 22 and 24. 

[0040] The sub-gate electrode 23a and the sub-gate electrode 23b are usually 
connected to each other, and the same voltage is applied. As well, a voltage may be 
applied to the sub-gate electrode 23a and the sub-gate electrode 23b electrically 
independently. 

[0041] A plurality of contact parts 25 are formed on the source electrode 16, the drain 
electrode 17 and the main gate electrode21 respectively, and wiring with the outside is 
made by the contact parts 25. 

[0042] Fig. 5 and Fig. 6 are diagrams to describe the operation of the embodiment of 
the present invention, and Fig. 7 shows a characteristic diagram of the embodiment of 
the present invention. 

[0043] Figs. 5 (A) and (B) are equivalent circuit diagrams of the case of the N channel 
operation, and the voltage Vs = + 20 [V] is applied to the sub-gate electrodes 23a and 
23b. 

[0044] In addition, in Fig. 5 (A), the voltage Vd = + 10 [V] is applied to the drain 
electrode 17. 

[0045] Under the condition shown in Fig. 5 (A), when the voltage Vg of the main gate 
electrode 21 is changed, n layers 26a and 26b are formed in the polysilicon layer 20 
under the sub-gate electrodes 23a and 23b, as shown in Fig. 6 (A). 

[0046] In addition, according to the voltage Vg, an n layer or a p layer is formed in a 
region 27 in the polysilicon layer 20 under the main gate electrode 21. 
[0047] When the voltage Vg is positive, an n layer is formed in the region 27 in the 
polysilicon layer 20 under the main gate electrode 21. Therefore, all the polysilicon 
layer 20 is connected by the n-layers, and a current flows from the drain electrode 17 to 
the source electrode 16, which makes an on state. 

[0048] Furthermore, when the voltage Vg is negative, a p layer is formed in the region 
27 in the polysilicon layer 20 under the main gate electrode 21, and a npn junction is 
formed in the polysilicon layer 20. In consequence, a PN reverse junction is generated 
between the drain electrode 17 and the source electrode 16, and a current is cut off, 
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which makes an off state. The characteristic of the drain current Id to the voltage Vg 
at this time is shown in full line in Fig. 7 (A). 

[0049] In Fig. 5 (B), the voltage Vd = - 10 [V] is applied to the drain electrode 17. 
[0050] Under the condition shown in Fig. 5 (B), when the voltage Vg of the main gate 
electrode 21 is changed, the polysilicon layer 21 is connected by n layers in the case 
where the voltage Vg is positive, making an on state, and a current flows from the 
source electrode 16 to the drain electrode 17. When the voltage Vg becomes negative, 
the polysilicon layer 20 forms an NPN junction, and it becomes off. In this way, even 
when the voltage Vd of the drain electrode 21 is reversed, a PN reverse junction is 
formed in the same way as the case where the voltage Vd is positive, and the transistor 
surely becomes off. The characteristic of the drain current Id to the voltage Vg at this 
time is shown in dotted line in Fig. 7 (A). 

[0051] Figs. 5 (C) and (D) are equivalent circuit diagrams of the case of the P channel 
operation, and the voltage Vs = -20 [V] is applied to the sub-gate electrodes 23a and 
23b. 

[0052] In Fig. 5 (C), the voltage Vd = +10 [V] is applied to the drain electrode 17. 
[0053] In consequence, as shown in Fig. 6 (B), p layers 28a and 28b are formed in the 
parts of the polysilicon layer 20 under the sub-gate electrodes 23a and 23b, and a p or n 
layer is formed in the region 27 under the main gate electrode 21, according to the 
voltage Vg applied to the main gate electrode 21. 

[0054] When the voltage Vg is positive, an n layer is formed in the region 27 of the 
polysilicon layer 20 under the main gate electrode 21, and a pnp junction is formed in 
the polysilicon layer 20. In consequence, a PNP reverse junction is generated between 
the drain electrode 17 and the source electrode 16, and a current is cut off, which makes 
an off state. 

[0055] Furthermore, when the voltage Vg is negative, an p layer is formed in the 
region 27 of the polysilicon layer 20 under the main gate electrode 21, and a p layer is 
formed across the whole region of the polysilicon layer 20, which makes the polysilicon 
layer 20 conductive state. Therefore, a current flows from the drain electrode 17 to the 
source electrode 16. That is, it becomes on state. The characteristic of the current Id 
to the voltage Vg at this time is shown in full line in Fig. 7 (B). 

[0056] Next, as shown in Fig. 5 (D), the voltage Vd = -10 [V] is applied to the drain 
electrode 17. 

[0057] Under the condition shown in Fig. 5 (D), when the voltage Vg applied to the 
main gate electrode 21 is changed, in the case where the voltage Vg is negative, a p 
layer is formed in the region 27 of the polysilicon layer 20 under the main gate electrode 
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21, as described above. Therefore, the whole polysilicon layer 20 is connected with 
the p layers and becomes conductive state, then a current flows from the source 
electrode 16 to the drain electrode 17. That is, it becomes on state. 
[0058] Furthermore, in the case where the voltage Vg is positive, an n layer is formed 
in the region 27 of the polysilicon layer 20 under the main gate electrode 21, and a PNP 
junction is formed in the polysilicon layer 20. 

[0059] In consequence, a PN reverse junction is formed from the source electrode 16 
toward the drain electrode 17, and a current is cut off, which makes an off state. The 
characteristic of the current Id to the voltage Vg at this time is shown in dotted line in 
Fig. 7 (B). 

[0060] In this way, in either case of the N channel or P channel operation, when the 

voltage Vg which makes an off state is applied to the main gate electrode 21, the PNP or 

NPN junction is formed in the polysilicon layer 20. Therefore, the PN reverse junction 

can be formed for the either direction of from the drain electrode 17 to the source 

electrode 16 or from the source electrode 16 to the drain electrode 17. 

[0061] In consequence, at the time of off, a current can be cut off surely, that is, it can 

become off, independently of the voltage condition of the drain electrode 17. 

[0062] Fig. 8 shows a block diagram of a liquid crystal display device of the present 

invention. In the figure, Trn shows a thin film transistor. A plurality of thin film 

transistors Trn are formed on a glass substrate 26, with pixel electrodes 27n, a drain bus 

28 and a gate bus 29. 

[0063] Opposing to the thin film transistor Trn formation surface of the glass substrate 
26, a glass plate 31 on which a transparent electrode 30 is formed is placed. 
[0064] Liquid crystal 32 is placed between the glass plate 31 and the glass substrate 
26, and the condition of the liquid crystal 32 is changed by applying a voltage between 
the transparent electrode 30 and the pixel electrodes 27-n, so that display is performed. 
[0065] At this time, the electric potential of the pixel electrodes 27-n is changed by 
switching-controlling the thin film transistors Trn, so that the control of the display is 
performed. 

[0066] Fig. 9 shows a block diagram of the substantial part of the liquid crystal 
display device of the present invention. In the figure, the parts having the same 
structures as Fig. 4 are indicated by the same symbols, and the explanation is omitted. 
[0067] In the present embodiment, the source electrode 17 is the pixel electrode 27-n, 
and the main gate electrode is formed with ITO (Indium-Tin-Oxide) which is used for 
the pixel electrode 27-n by the same process. Therefore, the process of phosphorus 
doped polysilicon when forming the main gate electrode 21 can be omitted. 
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[0068] Fig. 10 shows an equivalent circuit diagram of the liquid crystal display device 
of the present invention. 

[0069] The driving waveform and equivalent circuit for three lines are shown. The 
explanation of a thin film transistor Tr 2 will be made. A driving pulse c as a driving 
means is added to the main gate electrode 21 of the thin film transistor Tr 2, and a 
driving pulse d is added to the sub-gate electrodes 23a and 23b. The thin film 
transistor Trn becomes on state when the main gate electrode 21 and the sub-gate 
electrodes 23a and 23b are both positive (high level) or both negative (low level). 
Therefore, the thin film transistor Tr 2 becomes on at the timing d2 shown in Fig. 11. 
Then, as for thin film transistors Tr 1 and Tr 3, they are driven by driving pulses a-f 
shown in Fig. 11, and the timing of becoming on state differs as shown by di and d 3 . 
With the present driving system, since the thin film transistor Trn can be sequentially 
switching-controlled by the pulse signals a-f supplied to the main gate electrode 21 and 
the sub-gate electrodes 23a and 23b, any of the driving pulses a-f is a pulse whose time 
of the high level voltage (positive) and the time of the low level voltage (negative) are 
absolutely equivalent, and is a pulse staggered by the on time di of the thin film 
transistor Trn. As for a thin film transistor, moment-to-moment change occurs under 
the condition where only positive or only negative voltage is applied, which causes 
problems in reliability. So, by applying positive and negative voltage both, in the same 
way as the present driving system, improvements can be expected. In addition, by 
staggering them by the on time di, the time of the high level or low level of the driving 
pulse can be structured by approximately 10 ms to 20 ms which is equivalent to one 
frame time. Since the usual driving pulse has the order of the pulse width several 
dozen us, only much longer pulses in terms of time compared to this may be prepared. 
[0070] Fig. 12 shows an equivalent circuit diagram of another embodiment of the 
liquid crystal display device of the present invention. The rough structure is the same 
as the one described in Fig. 8, so the explanation is omitted here. In the figure, Tr 4 to 
Tr 7 are thin film transistors, and they have the same structure as the thin film transistor 
described in Fig. 9, so the explanation is omitted. 

[0071] It has a structure in which a main gate electrode 21 of the thin film transistor 
Tr 4 and sub-gate electrodes 23a and 23b of the thin film transistor Tr 5 are connected, 
and in the same way as this, hereinafter the main gate electrode 21 and the sub-gate 
electrodes 23a and 23b which are next to each other are connected. Because of this, as 
for the driving pulse, one pulse is needed per one pixel. It is structured so that the 
number of pulses needed is the same as the case where a usual thin film transistor with 
one main gate is used. As for the timing when each transistor Trn becomes on, at An, 
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the driving pulses g and h are both high level, so the thin film transistor Tr 4 becomes 
on state, and the data of the drain electrode 17 is supplied to the pixel electrode 27-a. 
At this time, since the sub-gate electrodes 23a and 23b and the main gate electrode 21 
are high level, the thin film transistor Tr 4 is in an on state of the N channel mode. At 
the timing of Ap, since the driving pulses g and h are both low level, the thin film 
transistor Tr 4 also becomes on. At this time, the sub-gate electrodes 23a and 23b and 
the main gate electrode 21 are low level, so it is in an on state of the P channel mode. 
In this way, for each transistor, when the voltages of the main gate electrode 21 and the 
sub-gate electrodes 23a and 23b both are high level or low level, the transistor becomes 
on. As shown by the timing d-1 to d-3 in Fig. 13, as the transistor becoming on state 
changes over sequentially, the operation mode of each transistor switches between the N 
channel mode and the P channel mode alternately. 

[0072] For example, in the case of the transistor Tr 4: An (N channel) -» Ap (P 
channel) -» An (N channel) -* ... In the case of the transistor Tr 5: Bp (P channel 
mode) — > Bn (N channel) -» Bp (P channel) — >... 

[0073] In the present embodiment, by applying such structure, deterioration in picture 
quality due to the difference in characteristics caused when the characteristics of the P 
channel mode and the characteristics of the N channel mode of the thin film transistor 
are not symmetry can be avoided. That is, the difference in picture quality due to the 
characteristic difference between the N channel mode and the P channel mode in the 
case where the data is written to the all lines in the N channel mode and then the data is 
written as well in the P channel mode next is aimed to be unnoticeable for people's eyes, 
by shortening in terms of time. In addition, each driving pulse has the timing which is 
late by half cycle + address time to the pulse of the prior line (for example, in the case 
of the driving pulse h, to the driving pulse g). 
[0074] 

[Effect of the Invention] As described above, according to the present invention, the 
sub-gate electrode is provided on each side part of the main gate electrode, so the 
operation polarity of the transistor can be switched by switching positive and negative 
of the voltage applied to the sub-gate electrode. In addition, when the transistor is off, 
a PN junction in reverse direction is generated in the semiconductor layer, and the thin 
film transistor with small amount of leakage current when it is off can be realized, 
independently of the polarity of the drain voltage. Furthermore, by using the thin film 
transistor as this, the switching control can be performed at the both levels of positive 
(H) and negative (L) of the driving pulse signal. Therefore, the driving pulse signal 
waveform can be simple, and the drive circuit can be simplified, etc. 
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[Brief Description of the Drawings] 

Fig. 1 is a principle block diagram of a thin film transistor of the present 
invention. 

Fig. 2 is a principle explanatory diagram of a thin film transistor of the present 
invention. 

Fig. 3 is an equivalent circuit diagram of a thin film transistor of the present 
invention. 

Fig. 4 is a block diagram of an embodiment of the present invention. 
Fig. 5 is a diagram to describe an operation of an embodiment of the present 
invention. 

Fig. 6 is a diagram to describe an operation of an embodiment of the present 
invention. 

Fig. 7 is a characteristic diagram of an embodiment of a thin film transistor of 
the present invention. 

Fig. 8 is a block diagram of an embodiment of a liquid crystal display device of 
the present invention. 

Fig. 9 is a block diagram of a substantial part of an embodiment of a liquid 
crystal display device of the present invention. 

Fig. 10 is an equivalent circuit diagram of an embodiment of a liquid crystal 
display device of the present invention. 

Fig. 11 is a diagram to describe an operation of an embodiment of a liquid 
crystal display device of the present invention. 

Fig. 12 is an equivalent circuit diagram of another embodiment of a liquid 
crystal display device of the present invention. 

Fig. 13 is a diagram to describe an operation of another embodiment of a liquid 
crystal display device of the present invention. 

Fig. 14 is a cross-sectional view of a conventional example. 

Fig. 15 is a block diagram of a conventional example. 

Fig. 16 is an equivalent circuit diagram of a conventional example. 

Fig. 17 is a diagram to describe the operation of a conventional example. 
[Description of Symbols] 
10: semiconductor layer 
11: main gate electrode 
12: source electrode 
13: drain electrode 
14a: first sub-gate electrode 
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14b: second sub-gate electrode 
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